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Abstract: Rock pigeons (Columba livia) have been implicated in the spread of pathogens 
within commercial livestock facilities. Currently, there is no data characterizing pigeon 
habitat use and movement patterns within and among commercial livestock facilities. To 
better understand the capacity for pigeons to spread pathogens, we used radio-telemetry 
techniques to estimate the home-range, travel distance, activity, and habitat use of pigeons 
roosting on and off dairies and feedlots in western Weld County, Colorado. Our observations 
suggest that pigeons roosting on (resident) and off (nonresident) livestock facilities use habitat 
differently. Nonresident pigeons used larger home-range areas than did resident pigeons. 
Nonresident pigeons traveled farther and frequented more livestock facilities than did resident 
pigeons. Both resident and nonresident pigeons disproportionally selected livestock facilities 
over other available foraging sites. We detected no difference in pigeon activities (i.e. 
loafi ng, feeding, drinking, fl ying) between resident and nonresident pigeons. Data suggest 
that nonresident pigeons may vector livestock pathogens among livestock facilities and 
resident pigeons may aid in the amplifi cation and maintenance of pathogens within livestock 
facilities. Thus, targeted management of pigeons may help mitigate the introduction and 
maintenance of pathogens that cause disease and economic loss within livestock facilities.
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Domestic cattle (Bos taurus) are the 
primary reservoir for many bacterial pathogens 
that aff ect human and livestock health (e.g., 
Escherichia coli O157:H7 and Salmonella enterica; 
Montenegro et al. 1990, Kobayashi et al. 2001, 
Wells et al. 2001). Infection in livestock usually 
occurs as a result of fecal shedding from other 
infected livestock that spread pathogens 
throughout the herd via contaminated catt le 
feces (Wells et al. 2001), catt le feed (Daniels et 
al. 2003), and water (Kirk et al. 2002a). Thus, 
limiting shedding of pathogenic bacteria by 
catt le is essential to prevent dissemination.  
However, once a herd has become infected, the 
environment can become contaminated. In the 
absence of eff ective farm bio-security, the risk 
of pathogen transport from the farm to other 
locations increases (Gilchrist et al. 2007). 

Wild birds can be infected by and carry a 
large number of pathogens that are a health risk 
to humans and livestock (Sambyal and Sharma 
1972, McLean et al. 2001, Gaukler et al. 2009). For 
example, serotypes of Salmonella enterica, known 

to cause infection in humans and livestock, 
have been isolated from asymptomatic house 
sparrows (Passer domesticus), brown-headed 
cowbirds (Molothrus ater), Brewers blackbirds 
(Euphagus cyanocephalus), European starlings 
(Sturnus vulgaris), house fi nches (Carpodacus 
mexicanus), red-winged blackbirds (Agelaius 
phoeniceus), and rock pigeons (Columba livia) 
captured within dairies, suggesting that 
transmission across species is possible (Kirk et 
al. 2002b). Moreover, because birds can traverse 
large distances in short periods of time, they 
have the potential to transport and disseminate 
microbes over large distances (Palmgren et al. 
1997, Hubálek 2004).  

Rock pigeons in particular have been 
implicated in causing economic losses at 
livestock facilities because of pathogen dis-
semination and feed consumption (Williams 
and Corrigan 1994, Pedersen and Clark 
2007). Pigeons are known carriers of Histo-
plasma capsulatum, Listeria monocytogenes, 
western equine encephalitis, West Nile virus, 



113Rock pigeons • Carlson et al.

Newcastle disease, Cryptococcus neoformans, 
Toxoplasma gondii, and Salmonella enterica (Haag-
Wackernagel and Moch 2004). Between 1941 
and 2003, there have been 176 documented 
transmissions of disease-causing pathogens 
from pigeons. These include, but are not limited 
to, Salmonella enterica kiambu, Chlamydophila 
psitt aci, and Cryptococcus neoformans (Haag-
Wackernagel and Moch 2004). 

Previous studies have demonstrated that 
pigeons can be carriers of S. enterica within dair-
ies (Kirk et al. 2002b).  Additionally, Pedersen et 
al. (2006) isolated the same serotypes of S. enterica 
from pigeons, catt le feed, water troughs, and 
catt le feces within dairies, implicating pigeons 
as a potential source of S. enterica. Currently, it 
is unknown if pigeons move among livestock 
facilities or use the surrounding habitat. Data 
characterizing the movement patt erns, habitat 
use, and activities of pigeons are needed to 
develop an understanding of their capacity 
to spread pathogens within and between 
commercial livestock facilities. Therefore, the 
objective of our study was to estimate home-
range areas, travel distances, activities, and 
habitat use of rock pigeons using commercial 
dairies and feedlots in Weld County, Colorado, 
from December 1, 2004, to September 1, 2005. 

Study area
The study was conducted in western Weld 

County, Colorado, because it has many feedlots, 
dairies, and associated pigeons. Weld County 
is located in northern Colorado on the eastern 
slope of the Rocky Mountains at an elevation of 
1,525 m above sea level. Precipitation averages 
about 0.4 m per year, and average monthly 
temperatures varied from -0.5° C in January to 
24.0° C in July, 2005. Land use within the study 
area was primarily animal and plant agriculture 
interspersed with fallow fi elds, small towns, 
and grasslands.  

Methods
We characterized pigeons as either residents 

(i.e., birds that roosted within livestock facilities) 
or nonresidents (i.e., birds that roosted outside 
of livestock facilities), based upon a preliminary 
assessment of 3 radio-marked birds that we 
tracked for approximately 1 week in December, 
2004. We located pigeon roosts during night 
searches of livestock facilities, abandoned 

structures, industrial facilities, and under 
bridges.  

Pigeons roosting adjacent to livestock facilities 
were not used in this study.  This exclusion 
allowed for a clear distinction between resident 
and nonresident pigeons. Nonresident pigeon 
roosts were physically separated ≥250 m from 
animal pens, grain elevators, or silage piles, 
so the birds would have to select food sources 
outside livestock facilities or cross open farm 
land, housing developments, or fallow fi elds 
to access feed within livestock facilities. We 
selected 250 m because it is equivalent to the 
distance pigeons would fl y to cross an average-
sized fi eld within the study area.  

We hypothesized that resident and 
nonresident pigeons would exhibit diff erent 
daily activities and movements. We predicted 
that nonresident pigeons would visit a greater 
number of livestock facilities, have larger 
home-range areas, travel greater distances 
for food and water, and have diff erent daily 
activity patt erns than did resident pigeons.  

Livestock facilities
We selected catt le feedlots or dairies contain-

ing ≥2 roosting pigeons as resident roost sites. 
Catt le herd size within these facilities ranged 
between 300 and 2,500 catt le. All resident roost 
sites contained equipment barns, silage piles, 
grain elevators, grain silos, animal pens, water 
troughs, and feed bunks. Equipment barns 
consisted of any building that housed farm 
machinery or vehicles. Silage piles consisted 
of covered, chopped corn storage piles. Grain 
elevators consisted of grain lift s used to load 
feed trucks with silage and feed additives. 
Grain silos consisted of corn and feed additive 
storage structures. Animal pens consisted of 
the animal holding structure. Water troughs 
consisted of any water holding receptacle 
within the animal pens. Feed bunks consisted 
of any feed storage receptacle, typically 
located along the outside edge of the pen.  

Trapping
Our research protocol was reviewed and 

approved by our institutional animal care and 
use committ ee prior to any data collection 
(USDA, National Wildlife Research Center QA-
1237, J. Carlson, study director). All pigeons 
were trapped at night using spotlights, hand 
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nets, and mist nets (Williams and Corrigan 
1994). Pigeons were initially weighed and 
examined for injuries. Any pigeon that was too 
small for radio transmitt ers, injured, or appeared 
in poor health was excluded as a candidate for 
radio tracking. The minimum weight accepted 
for radio-marked pigeons was 300 g, and 
radio-marked birds averaged 347 ± 42 g. The 
transmitt ers averaged 2.7% of pigeon body 
weight, which was below the recommended 3% 
(Whitey et al. 2001). Radio-marked pigeons were 
arbitrarily selected from the pool of acceptable 
pigeons collected from each roost site. Thirty-
one pigeons (14 residents and 17 nonresidents) 
were fi tt ed with radio transmitt ers from 10 
diff erent pigeon roosts: 5 roosts on livestock 
facilities and 5 roosts off  livestock facilities.  

Radio tracking
All radio-marked pigeons were fi tt ed with 

Advanced Telemetry Systems (ATS) pigeon 
backpack transmitt ers, model A1250 (Advanced 
Telemetry Systems, Isanti, Minn.). Transmitt ers 
emitt ed signals 18 hours per day (from 0500 
hours until 2300 hours), 3 days per week 
(Friday, Saturday, and Sunday). Transmitt ers 
weighed 9.5 grams, having a pulse rate of 40 
pulses per minute (ppm) and a pulse width of 
20 milliseconds (ms) with a transmitt er life of 
321 days.   

We established standardized tracking 
methodology to avoid autocorrelation of loca-
tion estimates (Otis and White 1999). We tracked 
pigeons in order of transmitt er frequency, 
systematically changing the starting frequency 
each day. Only 1 pigeon location was recorded 
per observation. The minimum time interval 
between subsequent locations for any individ-
ual exceeded 1 hour. Pigeons were tracked using 
2 diff erent ATS radio tracking receivers, models 
FM-100 and R-2000. Pigeons were positively 
identifi ed by the presence of the backpack 
transmitt er and monitored with binoculars or 
spott ing scopes from 25 to 50 m away. This was 
necessary to avoid infl uencing pigeon activity 
while data were being collected. We recorded 
site, location within site, date, time, and activity 
for each observation. All location data were 
collected using Magellan SportTrak™ Map 
GPS units and entered as Universal Transverse 
Mercator (UTM) coordinates; Datum NAD 1983.   

Home range   
Home-range areas were estimated using 

100% minimum convex polygon (MCP) and 
fi xed-kernel percentage volume contours (FK). 
Other publications have suggested using more 
than 1 home-range estimator (Harris et al. 1990, 
Lawson and Rodgers 1997) and that one of 
the estimators should be 100% MCP because 
it is the most comparable estimator among 
studies (Kenward 2001, Moraes and Chiarello 
2005). We selected the FK estimator because it 
provided the most realistic estimates of area 
use by radio-marked pigeons. The FK estimator 
is able to identify multiple centers of activity, 
is robust for analyzing outlier data, and allows 
the user to calculate home-range areas within 
any desired probability contour (Otis and 
White 1999, Kenward 2001, Kernohan et al. 
2001). We selected 95% and 50% probability 
contours and estimated the contour smoothing 
parameter (bandwidth) using least squares 
cross validation (LSCV).  Home-range areas 
(Km2) were calculated for MCP and 95% and 
50% FK probability contours.  

All home-range estimates were created using 
Hawth’s Analysis Tools (Spatial Ecology LLC). 
We entered pigeon location data separately for 
each radio-marked pigeon. We analyzed home-
range data using SAS 9.1 (Statistical Analysis 
Soft ware, Cary, North Carolina, USA). We 
made comparison of home-range areas between 
resident and nonresident pigeons using the 
Wilcoxon Rank Sum Tests. Correlations between 
sampling intensity (i.e., number of location 
observations) and home-range area estimates 
were assessed for 100% MCP, 95% fi xed kernel, 
and 50% fi xed kernel area estimates using 
Pearson Correlation Coeffi  cients.  

We used only pigeons with suffi  cient numbers 
of location observations to estimate home-range 
areas; 10 resident pigeons and 4 nonresident 
pigeons were used in the home-range analysis. 
We used the following criteria for inclusion in 
the analysis: (1) ≥ 50 point locations per bird; 
(2) resident pigeons remained roosting within 
active livestock facilities, and nonresident 
pigeons remained roosting at sites physically 
separated from livestock facilities for the 
duration of the study. Criteria were established 
based upon literature that suggests 50 location 
observations is a minimum threshold for 
reliable FK home-range estimation (Seaman et 
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al. 1999). Unfortunately, high pigeon mortality 
(i.e., 10 nonresidents and 2 residents) and 
lost transmitt ers (i.e., 3 nonresidents and 2 
residents) limited the numbers of pigeons with 
an adequate number of location observations for 
home-range area analysis. One pigeon switched 
roosting locations (Resident 344-1). Because 
this bird continued to reside within a livestock 
facility, it was used in the analysis of home range.      

Pigeon travel distance
Using shape fi les created in ArcGIS 9.0, 

distance between points matrices were 
constructed with Hawth’s Analysis Tools. The 
linear distance matrix generated estimates of 
travel distances between observed locations 
for each respective pigeon (Beyer 2004).  We 
recorded travel distances in meters and 
measured them as straight-line distances from 
each pigeon roost to all point locations for each 
bird, respectively. Travel distance estimates were 
analyzed using SAS 9.1. A means model was 
constructed to estimate average travel distance 
for each of the 14 radio-marked pigeons. Means 
model output was used to test for diff erences 
in linear travel distance by roosting status (i.e., 
resident or nonresident).       

We detected heteroscedasticity between travel 
distances for resident and nonresident pigeons 
(α > 0.05; Levene’s test for homogeneity). 
Therefore, Welch’s ANOVA was used to test 
for the eff ect of roosting status on travel 
distances (DeBeuckelaer 1996). Mean travel 
distances are reported by roosting group with 
95% confi dence intervals. The dependent 
variable was mean travel distance and the 
independent variable was roosting status.           

Activity 
We used data from all radio-marked pigeons 

with location observations to characterize daily 
pigeon activities. Weighted percentage of time 
engaged in activities were estimated for 26 
pigeons (i.e., 13 resident and 13 nonresident 
pigeons). Activity data were weighted by the 
number of observations (sampling intensity) 
collected for each radio-marked pigeon. Pigeon 
activity was recorded at each observation event. 
If the pigeon fl ushed before the activity was 
documented, the observation was not recorded. 
All pigeon activities were characterized by 4 
general activity classes: loafi ng, fl ying, feeding, 

and drinking. Activity observations generally 
did not exceed more than a few minutes, and 
data were systematically collected throughout 
the day from sunrise to sunset. No data were 
collected aft er pigeons returned to their roosts.  

Loafi ng activity consisted of perching on 
any structure. Flight activity included any 
travel within or among sites. Feeding activity 
consisted of any foraging behavior, including 
eating grit or spilled feed within grain silos or on 
roads. Drinking activity consisted of drinking 
from any source, such as puddles, canals, crop 
rows, or water troughs.  Perching on a water 
tower or open water trough did not qualify as 
drinking. When the birds were observed sitt ing 
on a trough but not drinking, the activity was 
recorded as loafi ng.  

Weighted scores and mean percentages 
were calculated using Microsoft  Excel 
(Microsoft , Redmond, Wash.). We analyzed 
activity data using the Kolmogorov-
Smirnov 2 sample test with SAS 9.1 soft ware.    

Habitat use
We used 14 pigeons to test for diff erences 

in the number of livestock facilities visited by 
resident and nonresident pigeons. Only pigeons 
with reliable home-range area estimates 
were included in the analysis. Analysis was 
conducted using an unpaired 2 sample t-test. 
Mean percentages and 95% confi dence intervals 
were estimated. 

We used data from all radio-marked pigeons 
with location observations to characterize 
habitat use. We generated weighted percentage 
estimates of habitat use for 26 pigeons (i.e., 13 
resident and 13 nonresident pigeons). Habitat-
use data were weighted by the number of 
observations collected for each radio-marked 
pigeon. Habitat use was defi ned as having 2 
levels of spatial resolution, that is, sites and 
locations within a site. Site was defi ned as any 
habitat within which a pigeon was found (e.g., 
livestock facility, lake, and fi eld). Location was 
defi ned as the areas used by pigeons within a 
site. For example, when a pigeon was found 
on a livestock facility, the site data referred to 
the specifi c livestock facility, and the locations 
within sites referred to the structures the 
pigeons utilized (e.g., feed bunker, water 
trough, or animal pen). Locations within sites 
other than livestock facilities were too few to 
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allow for statistical comparisons within and 
between roosting groups.    

We conducted tests of within and among 
roosting group eff ects for sites and locations 
within livestock facilities using the Kruskal-
Wallis and the Kolmogorov-Smirnov tests. 
We used Kruskal-Wallis to test for diff erences 
within roosting groups using a nonparametric 
1-way ANOVA. We used Kolmogorov-Smirnov 
to test for diff erences between roosting groups. 
The Kolmogorov-Smirnov test identifi ed which 
specifi c sites and locations within sites the 
greatest deviations between roosting groups 
occurred. All weighted percentage estimates 
were calculated using Microsoft  Excel. Kruskal-
Wallis, Kolmogorov-Smirnov and the unpaired 

2 sample t-test analysis were conducted using 
SAS 9.1.    

Results
Home range      

Of 31 radio-marked pigeons, 12 birds were 
found dead (2 resident and 10 nonresident 
pigeons), and the disposition of 5 pigeons was 
unknown at the completion of the study. The 
remaining 14 pigeons were used to estimate 
home-range areas. Among these 14 pigeons, we 
observed no relationship between the number 
of location observations and the size of home-
range areas for MCP (r = -0.21, df = 13, P = 0.47), 
95% fi xed kernel (r = -0.38, df = 13, P = 0.18), 
and 50% fi xed kernel (r = -0.39, df = 13, P = 0.17) 

Table 1.  Home-range area estimates for (n = 14) radio-marked rock pigeons 
using minimum convex polygons (MCP) and fi xed-kernel (FK) analyses. 
Bird = unique identifi cation given to the radio-marked pigeons; Roost loca-
tion = resident (On) or nonresident (Off ) bird; Observations = number of 
location observations collected per pigeon; Home-range area = area (km2) as-
sociated with each home-range estimate. All home-range data were collected 
from pigeons trapped within Weld County, Colorado, December 1, 2004, to 
September 1, 2005.  

Bird Roost location Observations (n)
Home-range area (km2)          

MCP FK 95% FK 50%

344-2 On 50   9.263   5.649 0.900

355 On 57   0.015   0.009 0.002

384 On 77   0.194   0.152 0.013

394 On 60   0.148   0.053 0.008

463 On 57   0.619   0.160 0.044

504 On 62   1.385   2.079 0.307

604 On 50   0.055   0.118 0.015

653-2 On 59   0.037   0.081 0.007

704 On 63   1.233   0.709 0.163

854 On 73   0.153  0.047 0.007

872-2 Off 51 14.926 14.357 3.688

594-2 Off 68 16.830    4.704 0.396

644-2 Off 54  8.748   2.840 0.364

696-2 Off 52  3.323    2.940 0.601
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estimates, suggesting sampling intensity of ≥50 
point locations was adequate to estimate home 
areas.  

Nonresident pigeons had larger MCP home-
range areas compared to resident pigeons (T10, 4 = 
48, P = 0.004). Median MCP home-range areas 
for resident and nonresident pigeons were esti-
mated at 0.174 km2 and 11.837 km2, respectively. 
We analyzed area estimates for 95% and 50% 
fi xed kernels separately. Nonresident pigeons 
had larger 95% fi xed kernel home-range areas 
relative to resident pigeons (T10, 4 = 47, P = 0.007). 
The 95% fi xed kernels produced median area 
estimates of 0.099 km2 and 3.822 km2 for both 
resident and nonresident pigeons, respectively. 
Similarly, nonresident pigeons had larger 
50% fi xed kernel home-range area estimates 
compared to resident pigeons (T10, 4 = 47, P = 
0.007). The 50% fi xed kernels produced median 
area estimates of 0.010 km2 and 0.499 km2 for 
resident and nonresident pigeons, respectively. 
All 3 area estimates indicate strong eff ects of 
roost location on home-range areas (Table 1). 
 

Travel distance 
Levene’s test for homogeneity of variances 

was signifi cant (F1, 12 = 5.66, P = 0.04), suggesting 
unequal variances among pigeon roosting 
groups. Using Welch’s ANOVA, resident and 
nonresident pigeons’ mean travel distances 
diff ered (F1, 3.32 = 9.13, P = 0.05). Resident pigeons 
traveled an average of 292 m (95% CI, -196 ≤ ≤ 
782), whereas nonresident pigeons traveled an 
average of 2158 m (95% CI, 1383 ≤  ≤ 2932).    

Activity 
We observed no diff erence in activities 

between resident and nonresident pigeons 
(KSa= 0.63, P = 0.83). Resident pigeons (n 
= 13) spent 81% (SE = 12%) of their time 
loafi ng, 16% (SE = 3%) feeding, 3% (SE = 0.6%) 
drinking, and 0.6% (SE = 0.3%) fl ying.  Visitor 
pigeons (n = 13) spent 76% (SE = 25%) of 
their time loafi ng, 18% (SE = 7%) feeding, 3% 
(SE = 1%) drinking, and 3% (SE = 2%) fl ying.
    
Habitat use 

The mean number of livestock facilities used 

Figure 1.  Mean number of livestock facilities visited by resident (n = 10) and nonresident (n = 4), radio-
marked rock pigeons. Error bars denote the standard errors associated with the mean estimates for each 
roosting group. All data were collected in Weld County, Colorado, December 1, 2004, to September 1, 
2005.
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by nonresident pigeons was greater than that 
observed for resident pigeons (t8.85 = 4.37, P = 
0.002). Nonresident pigeons visited an average 
of 5 facilities (95% CI, 3.70 ≤   ≤ 6.30), and resi-
dent pigeons visited an average of 2.5 facilities 
(95% CI, 1.59 ≤   ≤ 3.41) between December 1, 
2004, and September 1, 2005 (Figure 1).

Site use.  Resident and nonresident pigeons 
used sites selectively (Figure 2). Livestock 
facilities were used by resident pigeons more 
than all other available landscapes (χ2 

6 = 
53.19, P < 0.001). Excluding time spent loafi ng 
at their roost sites, nonresident pigeons used 
livestock facilities more than all other available 
habitat types (χ2 

6 = 21.27, P-value = 0.003). 
Comparisons among roosting groups suggest 
that nonresident and resident pigeons had 
diff erent site-use patt erns (KSa= 5.57, P < 0.001), 
with the maximum deviations occurring from 
visitation rates to livestock facilities. 

Locations within sites. Comparisons among 
roosting groups suggested that nonresident 
and resident pigeons had diff erent habitat use 
patt erns within livestock facilities (KSa= 3.66, P < 
0.001) with the maximum deviations occurring 
from visitation rates to grain elevators (Figure 
3). 

We detected diff erences in time spent at 

locations within livestock facilities for resident 
pigeons (χ2 

7 = 33.72, P < 0.001). We observed 
no diff erence in time spent at locations within 
livestock facilities for nonresident pigeons (χ2 

7 
= 11.69, P = 0.11).       

Discussion
Nonresident pigeons visited more livestock 

facilities and traveled farther than did resident 
pigeons. This is consistent with previously 
published literature of urban pigeon popula-
tions, which suggests that 2 types of pigeon 
foraging fl ocks exist: regular and sporadic 
visitors (Lefebvre and Giraldeau 1984, Sol 
and Senar 1995). We showed that pigeons 
in agricultural landscapes demonstrated 
spatial-use patt erns similar to that of their 
urban counterparts. Resident pigeons were 
characterized by small home-range areas 
with consistent food sources, and nonresident 
pigeons were characterized by large home-
range areas with longer travel distances that 
were typical of pigeons with disjunct feeding 
and roosting sites (Janiga 1987, Sol and Senar 
1995).  

Based upon previously published research 
(Pedersen et al. 2006) and this study, we 
hypothesize that nonresident pigeons are 
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Figure 2.  Weighted percentage estimates of time spent at sites by resident (n = 13) and nonresident (n = 
13) radio-marked rock pigeons. Error bars denote the standard errors associated with the mean estimates 
for each roosting group. All data were collected in Weld County, Colorado, December 1, 2004, to Septem-
ber 1, 2005.
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a high risk group for vectoring pathogens 
among livestock facilities and resident pigeon 
populations in northern Colorado. Thus, we 
predict that controlling nonresident pigeon 
roosts will have the greatest impact on reducing 
any pigeon-borne pathogen transmission that 
occurs among livestock facilities. Consequently, 
control of resident pigeon roosts will have a 
greater impact on reducing the maintenance 
and amplifi cation of pathogens within livestock 
facilities than control of nonresident pigeon 
roosts.       

Habitat-use data for resident pigeons sup-
ports Lefebvre and Giraldeau’s (1984) prediction 
that pigeons provided abundant and reliable 
food sources will not utilize multiple feeding 
sites.  Site-use data clearly show resident and 
nonresident pigeons using habitat within the 
landscape selectively, with both roosting groups 
preferring to feed within livestock facilities. 
We observed few pigeons feeding outside of 
livestock facilities, even though many other 
potential feeding sites within the MCP home-
range areas of nonresident pigeons existed. 
Many of these alternate sites were closer to 
nonresident roosts than some of the feedlots 
they visited (e.g., agricultural crops, urban 
dumpsters, rural houses, and the Weld County 
Landfi ll). We hypothesize that pigeons use 

livestock facilities disproportionally more than 
other feeding sites because livestock facilities 
consistently provide abundant and highly 
nutritious food sources. Consequently, we 
predict that excluding pigeons access to livestock 
feed and water will be the most eff ective way to 
reduce pigeon use and occupancy of livestock 
facilities.  

The locations within livestock facilities data 
helped identify specifi c areas that pigeons use 
and contaminate. The data suggest that resident 
pigeons used grain elevators and equipment 
barns more oft en than other structures within 
livestock facilities. It appeared that resident 
pigeons used these locations for loafi ng and 
roosting. Locations that contain feed, such as 
grain elevators, should be considered high-risk 
for pigeon-borne pathogens because feed can 
become contaminated by pigeon feces and then 
subsequently ingested by catt le; oral ingestion 
is the route of infection for fecal-oral pathogens, 
such as S. enterica (Wray and Davies 2000).  
Using a variety of commercially available bird 
exclusion devices, such as monofi lament line, 
nett ing, porcupine wire, and electrifi ed lines 
may deter pigeons from roosting at specifi c 
locations and encourage them to move to 
alternate locations within livestock facilities 
(Andelt and Burnham 1993, Williams and 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

Pen  Feed bunk Water 

trough 

Silage pile Barn Grain 

elevator 

Grain silo Roads 

P
er

ce
n

t 
ti

m
e 

Resident 

Visitor 

Figure 3.  Weighted percentage estimates of time spent at locations within sites by resident (n = 13) and 
nonresident (n = 13), radio-marked rock pigeons. Error bars denote the standard errors associated with the 
mean estimates for each roosting group. All data were collected in Weld County, Colorado, December 1, 
2004, to September 1, 2005.
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Corrigan 1994).  Thus, roosting deterrents in 
key structures may reduce the amplifi cation of 
pathogens within livestock facilities.     

When pigeons are perceived as a health 
risk in livestock facilities, controlling their 
populations may be a cost-eff ective way to 
reduce the occurrence of pathogens. Pigeons 
can be easily controlled on livestock facilities 
by the operators, but removal of the resident 
pigeons alone will not eliminate the source of 
the problem. Removal of pigeons on feedlots 
in conjunction with nonresident roost control 
will be the best way to eliminate high-risk 
individuals, while simultaneously preventing 
future problems. Unfortunately, control of 
nonresident pigeons is logistically much 
more complicated than control of resident 
populations. Livestock facility operators will 
not have the resources or ability to control 
pigeon populations across large geographical 
areas. Control of nonresident roosts will have 
to be coordinated through appropriate wildlife 
management agencies. Population control can 
be costly, and wildlife management agencies 
may lack the fi nancial resources to implement 
pigeon control operations. Thus, cooperative 
service agreement between wildlife manage-
ment agencies and livestock facility operators 
will probably be necessary to implement any 
large-scale pigeon control program. In the 
absence of a pigeon control program, removal 
of resident pigeon roosts, in conjunction with 
continued hazing and shooting of nonresident 
pigeons on livestock facilities, will likely be 
the most practical option for reducing the risk 
of pigeon-borne pathogens within and among 
facilities. 

If it is determined that pigeon populations 
need to be controlled, then nonresident pigeons 
can be managed best by targeting roosts. Large 
numbers of pigeons can be removed by a few 
individuals, and exclusionary devices can then 
be used to prevent future occupancy. Also, 
targeting nonresident roosts may translate into 
large areas of eff ective bird control. This would 
increase the eff ectiveness of any operational 
control program and invariably reduce contact 
between pigeons within diff erent livestock 
facilities and mitigate a potential route for the 
spread of pathogens among pigeons and the 
facilities they frequent.  

Acknowledgments
We thank J. Stam, S. J. Werner, S. K. Tupper, 

and J. L. Cummings for their assistance with 
trapping pigeons. We also thank J. Hersh, J. 
Bostram, Lind farms, and the Leffl  er family 
for access to their livestock facilities.  Lastly, 
we thank G. J. W. Fisher and W. D. Walter who 
provided assistance with GIS applications.  

Literature cited
Andelt, W. F., and K. P. Burnham. 1993. Effective-

ness of nylon lines for deterring rock doves 
from landing on ledges. Wildlife Society Bulle-
tin 21:451–456.  

Beyer, H. L. 2004. Hawths analysis tools for 
ArcGIS,<http://www.spatialecology.com/
htools/faq.php>. Accessed November 24, 
2010.  

Daniels, M. J., M. R. Hutchings, and A. Greig. 
2003. The risk of disease transmission to live-
stock posed by contamination of farm stored 
feed by wildlife excreta. Epidemiology and In-
fection 130:561–568.

DeBeuckelaer, A. 1996. A closer examination on 
some parametric alternatives to the anova f-
test. Statistical Papers 37:291–305.  

Feare, C. 1981. Control of bird pest populations. 
Pages 463–478 in C. M. Perrins, J. D. Lebret-
on, and G. J. Hirons, editors. Bird population 
studies. Oxford University Press, New York, 
New York, USA. 

Gaukler S. M., G. M. Linz, J. S. Sherwood, N. W. 
Dyer, W. J. Bleier, Y. M. Wannemuehler, L. K. 
Nolan, and C. M. Logue. 2009. Escherichia coli, 
Salmonella, and Mycobacterium avium subsp. 
paratuberculosis in wild European starlings at 
a Kansas feedlot. Journal of Avian Disease 53: 
544–551.

Gilchrist, M. J., C. Greko, D. B. Wallinga, G. W. 
Beran, D. G. Riley, and P. S. Thorne. 2007. 
The potential role of concentrated animal feed-
ing operations in infectious disease epidemics 
and antibiotic resistance. Environmental Health 
Perspectives 115:313–316.

Haag-Wackernagel, D., and H. Moch. 2004. Health 
hazards posed by feral pigeons. Journal of In-
fection 48:307–313.  

Harris, R. B., S. G. Fancy, D. C. Douglas, G. W. 
Garner, S. C. Amstrup, T. R. McCabe, and L. F. 
Pank. 1990. Tracking wildlife by satellite: cur-
rent system and performance. U.S. Fish and 



121Rock pigeons • Carlson et al.

Wildlife Service, Technical Report 30. Wash-
ington D.C., USA.

Hubálek, Z. 2004. An annotated checklist of 
pathogenic microorganisms associated with 
migratory birds. Journal of Wildlife Disease 
40:639–659.

Janiga, M.  1987. Seasonal aspects of intensity 
and course of daily translocations of pigeons 
(Columba livia f. domestica) for food from Brat-
islava (Czechoslovakia) to its surroundings. 
Acta Facultatis Rerum Naturalium Universitatis 
Comenianae Zoologia 32:46–60.

Kenward, R. E.  2001. A manual for wildlife radio 
tracking. Academic Press, London, UK.

Kernohan, B. J., R. A. Gitzen, and J. J. Millspaugh. 
2001. Analysis of animal space use and move-
ments. Pages 126–166 in J. J. Millspaugh, and 
J. M. Marzluff, editors. Radio tracking and ani-
mal populations. Academic Press, San Diego, 
California, USA.

Kirk J. H., E. Atwill, C. Holmberg, M. Arana, C. Col-
lar, D. Ghirardelli, G. Higginbotham, G. Marka-
gaard, D. Mullinax, and A. Wubishet. 2002a. 
Prevalence of and risk factors for salmonella 
in water offered to weaned dairy calves in Cali-
fornia, USA.  Preventive Veterinary Medicine 
54:169–178. 

Kirk, J. H., C. A. Holmberg, and J. S. Jeffrey. 
2002b. Prevalence of Salmonella spp. in se-
lected birds captured on California dairies. 
Journal of the American Veterinary Medical As-
sociation 220:359–362.

Kobayashi, H., J. Shimada, M. Nakazawa, T. Mo-
rozumi, T. Pohjanvirta, S. Pelkonen, and K. Ya-
mamoto. 2001. Prevalence and characteristics 
of shiga toxin-producing Escherichia coli from 
healthy cattle in Japan. Applied and Environ-
mental Microbiology 67:484–489.

Lawson, E. J. G., and A. R. Rodgers. 1997. Differ-
ences in home-range size computed in com-
monly used software programs. Wildlife Soci-
ety Bulletin 25:721–729.

Lefebvre, L., and L. A. Giraldeau. 1984. Daily 
feeding site use of urban pigeons. Canadian 
Journal of Zoology 62:1425–1428.

McLean, R. G., S. R. Ubico, and D. E. Docherty. 
2001. West Nile virus transmission and ecol-
ogy in birds. New York Academy of Science 
951:54–57.

Montenegro, M. A., M. Bulte, T. Trumpf, S. Alk-
sic, G. Reuter, E. Bulling, and R. Helmuth.  

1990. Detection and characterization of fe-
cal verotoxin-producing Escherichia coli from 
healthy cattle. Journal of Clinical Microbiology 
28:1417–1421.

Moraes, E. A., and A. G. Chiarello. 2005. A radio-
tracking study of home-range and movement of 
the marsupial Micoureus demerarea (Thomas) 
(Mammalian, Didelphidae) in the Atlantic forest 
of southeastern Brazil. Revista Brasilerira de 
Zoologia 22:85–91.

Otis, D. L., and G. C. White. 1999. Autocorrela-
tion of location estimates and the analysis of 
radiotracking data. Journal of Wildlife Manage-
ment 63:1039–1043.

Palmgren, H., M. Sellin, S. Bergström, and B. Ol-
sen. 1997. Enteropathogenic bacteria in mi-
grating birds arriving in Sweden. Scandinavian 
Journal of Infectious Disease 29:565–568.

Pedersen, K., and L. Clark. 2007. A review of Shi-
ga toxin Escherichia coli and Salmonella en-
terica in cattle and free-ranging birds: potential 
association and epidemiological links. Human–
Wildlife Confl icts 1:68–77. 

Pedersen, K., L. Clark, W. F. Andelt, and M. D. 
Salman. 2006. Prevalence of shiga toxin-pro-
ducing Escherica coli and Salmonella enterica 
in rock pigeons captured in Fort Collins, Colo-
rado. Journal of Wildlife Disease 42:46–55. 

Sambyal, D. S., and V. K. Sharma. 1972. Screen-
ing of free-living animals and birds for Listeria, 
Brucella, and Salmonella infections. British 
Veterinary Journal 128:50–55.

Seaman, D. E., J. J. Milspaugh, B. J. Kernohan, G. 
C. Brundige, K. J. Raedeke, and R. A. Gitzen. 
1999. Effects of sample size on kernel home-
range estimates. Journal of Wildlife Manage-
ment 63:739–747. 

Sol, D., and J. C. Senar. 1995. Urban pigeon pop-
ulations: stability, home range, and the effect 
of removing individuals. Canadian Journal of 
Zoology 73:1154–1160.

Wells, S. J., P. J. Fedorka-Cray, D. A. Dargatz, K. 
Ferris, and A. Green. 2001. Fecal shedding of 
Salmonella spp. by dairy cows on farm and at 
cull cow markets. Journal of Food Protection 
64:3–11.

Whitey, J. C., T. B. Bloxton, and J. M. Marzluff. 
2001. Analysis of animal space use and move-
ments. Pages 126–166 in J.J. Millspaugh and 
J. M. Marzluff, editors. Radio tracking and ani-
mal populations. Academic Press, San Diego, 
California, USA. 



122 Human–Wildlife Interactions 5(1)

JAMES C. CARLSON (photo) is a wildlife 
biologist with the National Wildlife Research Center 
in Fort Collins, Colorado. His research focuses on 
wildlife damage in livestock operations. He re-
ceived a bachelor’s degree in wildlife biology from 
the University of Montana in 1996 and a master’s 
degree in ecology from Colorado State University 
in 2005. In his free time he enjoys mountain biking 
and telemark skiing in the mountains of the western 
United States.

LARRY CLARK (photo unavailable) is the direc-
tor of the National Wildlife Research Center (NWRC) 
in Fort Collins, Colorado, having served in this role 
since 2008. He previously served as the NWRC 
assistant director and project Leader for avian dis-
ease research and wildlife repellent discovery and 
development. He received a bachelor’s degree in 
zoology from the University of Maryland, a master's 
degree in biology from Northern Arizona University, 
and a doctorate degree in biology from the Univer-
sity of Pennsylvania. He was also a recipient of a 
Public Health Service, National Research Service 
Award post-doctoral fellowship. When not working, 
he enjoys fl y fi shing and bird watching. 

MICHAEL F. ANTOLIN (photo unavailable) 
has been professor of biology, at Colorado State 
University since 1992. He received his Ph.D. degree 
(1990) from Florida State University. His research 
interests include population biology and evolution of 
infectious diseases, especially plague in prairie dogs 
and chronic wasting disease in mule deer. He enjoys 
the outdoor life in Colorado, both in his garden and 
in the mountains, plains, and deserts of the West.

MO D. SALMAN (photo unavailable) is a 
professor of veterinary epidemiology in the Animal 
Population Health Institute of College of Veterinary 
Medicine and Biomedical Sciences at Colorado 
State University. He holds appointments in the 
Department of Clinical Sciences. His educational 
background is in veterinary medicine, preventive 
veterinary medicine, and comparative pathology. His 
veterinary degree was from University of Baghdad, 
Iraq, and his MPVM and Ph.D. degrees were from 
University of California at Davis. He is a diplomate of 
the American College of Veterinary Preventive Medi-
cine (ACVPM) and a fellow of the American College 
of Epidemiology (ACE).  

Williams, D. E., and R. M. Corrigan. 1994. Pigeons 
(rock doves).  Pages E-87–E-95 in Prevention 
and Control of Wildlife Damage. Volume 2. U.S. 
Department of Agriculture, Animal Plant Health 
Inspection Service, Animal Damage Control, 
Washington, D.C., USA.  

Wray, C., and R. H. Davies. 2000. Salmonella in-
fections in cattle. Pages 169–190 in C. Wray 
and A. Wray, editors. Salmonella in Domestic 
Animals. CABI publishing, Cambridge, UK.  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


